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FETAL PALEOPATHOLOGY 
AN IMPOSSIBLE DISCIPLINE? 


Mary E. Lewis 


his chapter introduces the concept of fetal paleopathology in ar- 

chaeological material, highlighting the limitations and potential 
of such research to inform us about the lives of mothers and their 
babies in the past. Problems with preservation and recognizing le- 
sions in such tiny skeletal remains are discussed, before potential 
new sources of research are highlighted. 

Today, an estimated four million babies die each year worldwide 
within the first month of life (neonatal period), with the first day 
being the most critical period, and two-thirds of these babies dying 
within a week. The most common causes of death are prematurity, 
sepsis and pneumonia, asphyxia, tetanus, and diarrhea. None of 
these conditions are traditionally recognized in skeletal remains, and 
of the 14 percent who died of “other” causes, only 7 percent were 
from congenital conditions. These figures relate to death rates in in- 
dustrialized countries that have clear social and economic divides, 
with children from poor backgrounds most at risk (Lawn et al. 2005). 
Other factors influencing neonatal mortality include low birth 
weight, complications during delivery, limited access to specialist 
care, maternal anemia, syphilis, and fever (Black et al. 2010). 

But we should be cautious about directly transferring these data 
onto societies of different cultures, levels of development, and econ- 
omies, especially in the past. Clinical studies have consistently iden- 


tified a higher neonatal mortality rate for males, suggesting that 
females are more buffered against environmental insults in the 
womb and cope better with the stress of childbirth (Bekedam et al. 
2002). While the precise mechanisms behind this phenomenon are 
still unknown, differential treatment where boys are favored can re- 
verse this survivability pattern (McMillen 1979; Lawn et al. 2005). 
Application of neonatal and postneonatal death ratios may be used 
to explore whether children were dying from endogenous or ex- 
ogenous causes (Lewis and Gowland 2007}, but our imprecise age 
divisions make it a crude way of assessing perinatal causes of death. 

Training in non-adult osteology has improved over the past de- 
cade, advancing an area of research that was previously underde- 
veloped. However, the identification of fetal remains and familiarity 
with their normal anatomy is still limited and may result in many 
subtle pathological lesions going unnoticed. Given all of these is- 
sues, it is understandable that paleopathologists rarely choose to 
study perinates, and a review of their potential to provide informa- 
tion on disease and trauma is long overdue. 


Prenatal Pathology 


The fetus is most vulnerable to environmental disruption during pe- 
riods of rapid cell differentiation, particularly during the first two 
weeks of development when disruptive agents (teratogens) can re- 
sult in spontaneous abortion of the embryo (Moore 1988). Skeletal 
development begins between eight to twelve weeks with the forma- 
tion of the skeletal matrix, followed by intramembranous (in mem- 
brane) ossification of the clavicle, mandible, and bones of the skull 
vault. Endochondral (in cartilage) mineralization forms the rest of 
the skeletal structure with the ossification of the appendicular skel- 
eton, ilium, and scapula by sixteen weeks, metacarpals and tarsals 
by sixteen to twenty gestational weeks (Krakow et al. 2009). Suc- 
cessful ossification relies on a good maternal oxygen supply through 
the bloodstream during fetal development (Waldron 2009). The 
homeobox (Hox) genes regulate the differentiation process of the 
skeleton into limb or spinal elements, and mutations in these genes 
are responsible for malformations during embryonic development 
(Scheuer and Black 2000: 172). 

Infections can spread to the fetus via the placenta. The placenta 
is highly vascular, and any breach of its integrity may lead to large 
amounts of a pathogen reaching the fetus. Pathogens may also spread 


through the umbilical vein, through ingestion of infected amniotic 
fluid, or during birth with exposure to an infected birth canal or 
maternal fluids (Zeichner and Plotkin 1988). The fetus may suffer 
damage or disruption to their developing cells, or may mount an 
autoimmune response, but because the fetus has a reduced inflam- 
matory reaction to infection (Holt and Jones 2000), skeletal signs 
of disease are limited before birth. Rubella, smallpox, tuberculosis, 
syphilis, leprosy, chickenpox, mumps, measles, and scarlet fever can 
all be transmitted transplancentally (Lorin et al. 1983: Naeye and 
Blanc 1965; Al-Qattan and Thomson 1995) and may be evident on 
the perinatal skeleton, either through signature (pathognomonic) 
signs, or generalized new bone formation. While exposure to influ- 
enza is responsible for many congenital defects, leprosy and syphilis 
may instead cause early spontaneous abortion or, if transmitted to- 
ward the end of the third trimester, remain latent until later infancy 
and childhood (Dorfman and Glaser 1990, Melsom et al. 1982), 
While congenital syphilis may result in characteristic notches on 
the unerupted deciduous upper incisors on radiograph (Hutchinson 
1857), cranial deformities caused by malaria or maternal smoking 
(Lampl 2003) are all but impossible to identify on thin and unfused 
perinatal cranial bones, 


Enigmatic Skeletal Lesions 


New Bone Formation 


Traditionally, paleopathologists interpret gray bone deposits (fiber 
bone) on the outer bone surface as a sign of trauma or infection. 
For the perinatal paleopathologist, things are less straightforward. 
P. de Silva and colleagues (2003) warned clinicians against misdi- 
agnosing what they termed “physiological” periostitis as abuse in 
infants. Periostitis is a term used to denote inflammation (or in- 
flammitis) of the fibrous sheath (periosteum) surrounding the 
bones in life. They noted symmetrical new bone formation on the 
long bones, especially the femora, humeri, and tibiae in babies aged 
one to six months old. While the new bone was usually concentric, 
the tibia was most commonly affected on the medial aspect, and in 
most cases, bone formation was confined to the long bone shaft {or 
diaphysis). c 
Charles Shopfner (1966) examined the radiographic appearance 
of the long bones of 335 healthy premature and full-term infants, 
and he noted periosteal new bone in 35 percent of cases. The bone 


a deposits were thick, but not multilayered, and appeared on radio- 


graph as double contours before they became incorporated into the 
underlying bone surface. K. Gleser (1949) warned that increased 
formation and mineralization of the long bones during the normal 
growth process might mimic pathological features in a two- to five- 
month-old month infant, when signs of congenital syphilis, scurvy, 
and rickets may be suspected. For the paleopathologist examining 
dry bone, perinates with widespread new bone formation on the 
cranium, long bones, and ilia are common findings, but we are ill 
equipped to determine if this indicates one of the many infections 
that may be responsible for neonatal death or if this signals the 
child was experiencing a growth “spurt” when they died. Common 
sense may dictate that a child on the brink of death is unlikely to be 
undergoing rapid growth, but this does not account for accidental 
deaths or deaths that occur shortly after a growth spurt but before 
the bone can remodel. 

The bone turnover rate in neonates has been estimated to be high 
before birth and in the first forty-eight hours of life, and greater 
in the preterm neonate than full-term babies, with bone turnover 
rates of infants being several times higher than in adults (Mora et 
al. 1997). While the extent of bone turnover in perinates may be 
difficult to quantify, remodeling of the femur, for example, signifi- 
cantly changes bone density within the first six months. Hence, any 
new bone formation in perinates will be rapid, with several days 
needed for the newly deposited organic matrix to be mineralized 
(Rauch and Schoenau 2002). It would also be reasonable to expect 
any trauma or inflammation experienced during the birth process to 
be remodeled within six months of the child’s life, making identifi- 
cation of lesions in the perinates all the more crucial. 

In some cases, localized or profuse new bone deposits that are 
gray may point to specific conditions. Infantile cortical hyperostosis 
(or Caffey disease) is an inflammatory disorder of unknown etiol- 
ogy causing profuse new bone formation on the long bones and 
mandible that heal spontaneously (Caffey and Silverman 1945). A. 
Alduc-Le Bagousse and J. Blondiaux (2001) suggested a possible 
fetal case, found within the abdomen of a female in Lisieux, France. 
All the surviving long bones have profuse new bone formation, and 
the tibiae and cranium are most severely affected. Layers of new 
bone are often identified on the internal cranial surfaces of perina- 
tal material, confined to the occipital. As this part of the cranium 
is undergoing rapid growth after birth, many of these lesions are 
likely part of the normal bone remodeling process (Lewis 2004), 


ut they may also be signs of inflammation or calcified blood pools 
(hematomas). 

J.P. Crozer Griffith (1919) states that perinatal intracranial hem- 
orrhage occurred in 15 percent of premature births and may result 
rom cerebral palsy. Birth trauma may cause localized bleeding and, 
if a child were laid on their back, then blood or pus would pool 
to the occipital area (Mitchell 2006). A. González Martin and col- 
eagues (1997) raised the possibility that the irregular and porotic 
appearance of the pars basilaris (the bone that forms part of the base 
of the skull) seen in children from birth to six years was potentially 
pathological, calling for more research into this area. Without more 
detailed information on the pattern and timing of perinatal growth 
in individual skeletal elements, we may never be able to untangle 
these issues. 


Lytic Cranial Lesions 


Tania Kausmally and Rachel Ives (2007) highlight problems with 
the interpretation of destructive (or lytic) lesions in 7.4 percent (seven 
out of ninety-four) of perinates from postmedieval London. The le- 
sions caused holes in the cranium but only occurred on a few of 
the perinates from the same site and context, suggesting postmor- 
tem damage was not to blame. Kausmally and Ives identified several 
possible causes including cancer—for example, infantile chordoma, 
infantile myofibromatosis, Langerhans cell histiocytosis (LCH), and 
tuberculosis (TB). As the lesions were too common to support very 
rare cancerous conditions, they favor TB or LCH as a cause. 

John Caffey (1978; 32) had previously noted these lesions, call- 
ing them “lacunar skull” and describing them as most marked on 
the parietal and frontal bones. He linked them to spina bifida, hy- 
drocephalus (cranial enlargement due to “water on the brain”), me- 
ningocele, and meningioencephocele (protrusion of the brain lining 
through the cranial vault), but he also saw them on the radiographs 
of apparently health newborns. As the lytic lesions tended to heal 
spontaneously, Caffey considered them the result of delayed devel- 
opment of the membrane that eventually forms the cranial vault. 
Sheila Mendonga de Souza and colleagues (2008) noted destructive 
lesions on the skull of a six-month-old Peruvian mummy that were 
accompanied by new bone formation on the internal surface of the 
cranium, active bone formation on the frontal and parietal bones,, 
and a flattened occipital. They suggest cranial modification through 
head binding, followed by bone death and secondary infection as 
the cause. 


Potential Perinatal Paleopathology: Infections 


Rubella 


Congenital rubella results from transmission of the rubella virus 
during the first trimester and would have had serious consequences 
for the survival of a newborn in the past. Pregnancies ending in a 
spontaneous abortion or stillbirth would result in perinates entering 
the skeletal record without pathological changes. Those born alive 
suffer congestive heart failure, low birth weight, and difficulty in 
feeding, along with deafness and cerebral palsy in older child (Coo- 
per et al. 1969). Arnold Rudolf and colleagues report that 45.3 per- 
cent of perinates with exposure to maternal rubella display bone 
lesions between the ages of one to eight weeks and that 76 percent 
of the thirty-four perinates are male. Osseous changes include wide 
radiolucent bands and “beaklike projections” at the ends of the bone 
shafts (metaphyses) during healing, coupled with enlarged anterior 
fontanelles at the areas where the cranial sutures meet (Rudolf et 
al. 1965: 430). 

The rubella virus’s ability to inhibit cell multiplication of bone and 
fiber forming cells (i.e., osteoblasts and fibroblasts) and other tissues 
in the body is well known (Naeye and Blanc 1965; Reed 1969). These 
poorly defined zones of calcification are similar to what paleopathol- 
ogists might see in children with rickets or congenital syphilis. How- 
ever, once virus excretion has ceased, bone lesions can disappear in 
several months (Sekeles and Ornoy 1975). While slightly older than 
perinates, three infants aged between three and six months were 
identified with unusually large fontanelles in South Africa dating to 
the twentieth century, leading M. Steyn and colleagues (2002) to 
suggest rubella as a possible differential diagnosis, Although rubella 
lesions are rare and transient in the perinatal period, it should be 
considered a differential diagnosis in early rickets cases. 


Neonatal Osteomyelitis 


Neonatal osteomyelitis, an abscess-forming infection affecting mul- 
tiple bones, was a common cause of death in the past (Trueta 1959) 
but has yet to be identified in perinates from archaeological con- 
texts. Clinically, multiple bone and joint involvement occurs in 41 
percent and 70 percent of cases, respectively (Weissberg et al. 1974), 
assisted by the presence of open transphyseal vessels that allow the 
spread of infection across the growth plate (Trueta 1959). John Og- 
den (1979) describes abscess and new sheath (sequestrum) forma- 
tion in the first few days after birth due to a blood-born spread of 


infection and from a localized infection such as a burn. The humerus 
in the upper arm and the knee are recognized as common sites of 
infection, and radiographs of these areas may reveal abscesses inside 
the bone, while enlarged nutrient foramina may suggest involve- 
ment of transphyseal vessels. 

Sheaths of new bone should be readily identified in the perinatal 
skeleton, but long bone epiphyses (the growing end plates) are not 
ossified at birth, and smooth-based localized lesions on the metaph- 
yseal surface caused by abscess may be more difficult to distinguish 
from postmortem damage or a normal undulating surface. Caution 
is needed when using clinical cases to reference diseases from the 
pre-antibiotic era. Ogden’s (1979) neonates had chemotherapy that 
may have allowed development of chronic lesions where more rapid 
death would normally occur. How common neonatal osteomyelitis 
was in the past is difficult to judge as the emergence of penicillin- 
resistant Staphylococcus meant a resurgence of osteomyelitis in a 
more virulent form and a higher number of neonatal cases from the 
1950s to 1970s (Gilmour 1962), 


Early Onset Congenital Syphilis 


Congenital syphilis develops in the fetus secondary to venereal syph- 
ilis in the mother. The causative organism, Treponema pallidum, can 
be transmitted as early as the ninth week of gestation. The patho- 
gen enters the fetal bloodstream and spreads to almost every bone 
in the body. Toxins released from dead microorganisms may invoke 
an allergic response and uterine contractions in the mother, result- 
ing in fetal death and spontaneous abortion (17 percent) in the first 
half of the pregnancy (Geng and Ledger 2000). These tiny skeletal 
remains, if they survive into the archaeological record, will show no 
signs of disease. At term, a child may be stillborn (23 percent), pre- 
mature, weak, and sickly, or between 39 and 66 percent may appear 
perfectly healthy (Harman 1917; Hollier and Cox 1998). About 21 
percent of the latter will go on to display signs of infection around 
two years of age (“late congenital syphilis”) (Harman 1917). 

A trio of skeletal lesions occurring together is indicative of con- 
genital syphilis in the perinate: joint disruption (osteochondritis), os- 
teomyelitis, and profuse new bone formation (Caffey 1939). György 
Pálfi and colleagues (1992) describe a seven-month-old fetus recov- 
ered from the abdomen of a woman from Costebelle, France. The 
fetus displayed profuse new bone on the long bones, maxilla, ribs, 
and cranial vault; possible destructive lesions on the parietal bones; 
and a characteristic Wimberger’s sign (thick dark band) on a radio- 


graph. Convinced they had a case of congenital syphilis, the authors 
argued that the mother was in the early stages of syphilis, where 
clinical evidence suggests nearly all pregnancies will involve the 
spread of infection to the developing child. More recently, aDNA 
analysis (Montiel et al. 2012) confirmed syphilis in two perinates 
from postmedieval Huelva, Spain (Malgosa et al. 1996). This was the 
first time DNA successfully identified a subspecies of the treponeme 
and may have been because of the abundance of spirochetes known 
to invade the bone cells of neonates (Montiel et al. 2012). 


Potential Perinatal Paleopathology: 
Congenital Defects and Skeletal Dysplasia 


The prenatal ossification process begins around eight to twelve 
weeks in utero and from this point, osteologists have the poten- 
tial to recognize congenital defects in the skeleton. In particular, ir- 
regularities in the formation of bones and replacement of the fetal 
spinal cord, or notochord, mean we have the opportunity to iden- 
tify lesions that may signal more serious soft tissue defects resulting 
in perinatal death (fig. 5.1). Bruce Anderson (1989) describes axial 


FIGURE 5.1. Congenital defects in the thorax of a thirty-nine-week-old peri- 
nate from St. Oswald's Priory in Gloucester, England. The poorly mineral- 
ized centra and fused ribs may signal a more serious soft tissue condition 
that led to the child’s death. (Photo courtesy of author.) 


congenital anomalies and a possible familial relationship in three 
neonates from Homol’ovi M, Arizona. The first child presented 
fused thoracic (chest) vertebrae and asymmetry of the maxilla and 
mandible with dental overcrowding, suggesting marked facial asym- 
metry. The second was a perinate with fused second and third cer- 
vical (neck) vertebrae and two mid-thoracic vertebrae, possibly 
indicating type 2 Klippel-Feil syndrome. The child also had a mal- 
formed rib. Finally, a younger perinate also demonstrated fusion {or 
non-separation) of the spinous processes of the second and third 
cervical vertebrae and the fourth and fifth thoracic vertebrae. M. 
Hinkes (1983) noted flared sternal ends at the front of ribs 1-8 ina 
neonate from the Grasshopper Pueblo, and Don Brothwell and R. 
Powers (2000) recorded merged ribs in a neonate from early medi- 
eval Lechlade, England. A tiny example of a fused radius and ulna 
in the arm (radio-ulnar synostosis) has been reported in a perinate 
from a double burial at El Molon, Spain (Lorrio et al. 2010). 

Cleft, butterfly, and block vertebra, as well as anterior and poste- 
rior spina bifida, all have the potential to be identified in the peri- 
nate (Müller et al. 1986), and the presence of extra cervical ribs may 
reveal information about the potential cause of death. In a study of 
318 perinates born in Utah between 2006 and 2009, Larissa Furtado 
and colleagues (2011) reported a significantly higher prevalence of 
cervical ribs in stillborns compared to live-born children who died 
within the first year (43 percent compared to 12 percent). They con- 
clude that cervical ribs signal a disadvantageous fetal environment 
that leads to a greater likelihood of stillbirth with similar results 
presented elsewhere (Bots et al. 2011). This would require identi- 
fication and careful examination of the neural arches for the sev- 
enth cervical vertebrae for facets. Although, Sue Black and Louise 
Scheuer (1997) note that cervical ribs themselves will not be found 
in children under the age of ten years, as they do not fully develop 
until fusion of the posterior arch to the body of the vertebrae. 

More than 350 forms of skeletal dysplasia have the potential to 
be identified in perinatal remains. Differentiating between them is 
clinically problematic so is likely to be impossible in archaeological 
circumstances, although some features such as glabella bossing at 
the top of the nose, flattened nasal bridge, vertebral (centrum) mor- 
phology, and poor mineralization of the cranium and skeleton may 
signal dysplasia (Krakow et al. 2009). Osteofibrous dysplasia of the 
neonate, while infrequent, may present as an expansile lytic lesion 
at the midshaft of a single tibia causing bulging of the bone surface 
macroscopically and, potentially, a pathological fracture (Hindman 


et al. 1996). Mark Mooney and colleagues (1992) presented a se- 
ries of fetal facial measurements that can be used to identify cleft 
lip and palate, defects that are hard to recognize in the tiny unfused 
perinatal maxillae. These include the premaxillary length and nasal 
opening length, which can theoretically be identified on dry bone, 
but techniques to test and apply this to archaeological material have 
yet to be developed. Although there is potential for more research 
to date, congenital skeletal defects are the most common form of 
pathology identified in archaeological perinates. 

T. Sjøvold and colleagues (1974) identified a full-term fetus with 
multiple bony projections (osteochondromas) from St. Clement, 
Visby in Gotland, found within the abdominal area of a seventeen- 
to twenty-year-old female with the same condition. The deformities 
may have caused an obstruction leading to the death of the mother 
and child. Kenneth Bennett (1967) describes a case of multiple cra- 
nial suture fusion in a perinate from Utah that would have led to a 
cloverleaf deformity if the child had lived. Darcy Cope (2008) sug- 
gests the presence of a meningocele in the fragile cranial bones of a 
neonate from the Dakhleh Oasis, and a perinate with an even more 
severe cranial malformation (holoprosencephaly) (Tomasto-Cagigao 
2011) buried in an urn in Palpa, Peru. The burial was normal except 
for the presence of another apparently normal neonate. Although E. 
Tomasto-Cagigao (2011) does not describe the rest of the skeleton, 
segmental errors in the spine are often associated with this cranial 
deformity (O’Rahilly et al. 1980, 1983). 

The oldest archaeological case of a perinate with anencephaly (a 
fatal condition where the brain and the bones of the cranial vault 
fail to form) comes from an Egyptian catacomb in Hermopolis, built 
to house the mummies of sacred monkeys and ibises (Saint-Hillaire 
1826). J. Christopher Dudar (2010) discusses a possible case of anen- 
cephaly in a child from Elmbank Cemetery in nineteenth-century 
Toronto with associated fused ribs. Detailed studies of the perinates 
from the Dakhleh Oasis, Egypt, have revealed a variety of remark- 
able cranial malformations (encephalocele, iniencephaly, and an- 
encephly) (Cope 2008). Stevie Mathews (2008) provides a useful 
description of known anencephaly in perinates housed at the Smith- 
sonian Institution in Washington, DC. Deformities included mal- 
formed sphenoid lesser and greater wings, lack of frontal and parietal 
bones with isolated orbital rims, deformed squama of the temporal 
bones, and early fusion of the elements with an elliptical rather than 
round tympanic ring (a small ring of bone that forms at the external 
opening of the ear). 


AL. Bast and J. Buixstra (2001) discuss an achondroplastic fe- 
male from Elizabeth Mounds, Tennessee, with an in utero fetus they 
also suspected had achondroplasia based on metaphyseal flaring, 
disproportionately short limbs, and cranial and long bone measure- 
ments that were outside the normal range of the forty-six perinates 
they compared it to. This case has not been fully published, and the 
authors caution other dysplasias have yet to be ruled out. Arthur 
Keith (1913) provides a very useful comparison of the individual 
bones of an achondroplastic child against an unaffected child of the 
same age. The affected child displayed a reduced foramen magnum, 
absent suture mendosa on the developing occipital bone, premature 
fusion of the basioccipital suture, and short and broad wing of the 
pars lateralis. In the full-term child, the basiocciput and presphenoid 
fused limiting further expansion of the brain. Frontal bossing was 
evident because of the brain seeking compensatory space. 


Down Syndrome 


Trisomy 21 is the most common chromosomal abnormality among 
live-born infants and is related to increasing maternal age (e.g., 
thirty-five years). Today, Down syndrome is estimated to occur in 
one in seven hundred to one in a thousand births in the United 
States (Benacerraf 1996). The vast array of skeletal and dental fea- 
tures associated with this syndrome has always attracted the atten- 
tion of paleopathologists, and while five suspected cases of Down 
have been identified, none of these are perinates. This may be be- 
cause children with the syndrome tend to survive into older child- 
hood, but given mothers of increasing age are more likely to suffer 
from complications at birth, we might expect some cases to enter 
our perinatal sample. Ernest Hook (1979) estimated 21 percent of 
trisomy 21 children died between midgestation and full-term. So- 
nographs of second-trimester fetuses reveal some skeletal features 
used to predict the presence of trisomy 21 at birth. These include a 
shortened femur and humerus when measured against the maxi- 
mum width of the skull and in comparison to the population norm, 
a shortened iliac length, reduced limb bone length in comparison to 
the axial skeleton, and shortening of the middle phalanx of the fifth 
digit of the hand (Keeling et al. 1997; Stempfle et al. 1999). Unfor- 
tunately, these features require either an intact cadaver or a large 
enough series of well-preserved perinates to gauge the normal di- 
mensions. Although hand phalanges ossify around twenty-four ges- 
tational weeks, they are so tiny they are rarely excavated, making 


measurement or an assessment of agenesis impossible. In addition, 
the short and stumpy fifth-finger phalanx, if recovered, may be mis- 
identified as belonging to the foot. Clinically, the accuracy of these 
measurements in identifying Down syndrome is between 40 and 50 
percent, only rising to 74 percent when the soft tissue nuchal fold of 
the neck is included (Benacerraf 1996). 

Nevertheless, some features hold promise. Absence of the nasal 
bone is commonly reported in Down syndrome neonates (Dedick 
and Caffey 1953; Keeling et al. 1997; Otaño et al. 2002; Stempfle 
et al. 1999) and should ossify between fifteen and forty gestational 
weeks. L. Otaño and colleagues (2002) found absent nasal bones 
in three of five (60 percent) of Down syndrome fetuses compared 
to only 0.6 percent of non-Down syndrome cases. A related condi- 
tion, trisomy 13, can result in malformations in the lumbosacral and 
thoracic spine, where small and irregular bones have been noted 
(Kjeer et al. 1997). A fetus with triplody, a rare and lethal condition 
where there are three sets of chromosomes, can present with cranial 
base malformations including extra ossification centers, and fusion. 
of two or more vertebral bodies, or a disproportion in the size of the 
cervical bodies. Another chromosomal disorder (aneuploidy) is a 
possible explanation for the cranial deformations identified in a thir- 
ty-eight- to forty-week perinate from Andover Road in Winchester, 
United Kingdom. The wing of the pars lateralis is bipartite, and the 
posterior condyle canal is in two halves (fig. 5.2). The thickened and 
regular edges suggest this was a congenital anomaly rather than a 
basilar linear fracture of the occipital (Falys 2010). 


FIGURE 5.2. Possible aneuploidy in a thirty-eight- to forty-week-old peri- 
nate from Andover Road in Winchester, United Kingdom (reproduced with 
kind permission from Ceri Falys, TVAS). 


Osteogenesis Imperfecta 


Osteogenesis imperfecta (or “brittle bone disease,” a fatal congenital 
condition leading to multiple fractures) is a probable diagnosis for 
a thirty-eight-week-old perinate from Dakhieh Oasis, Egypt, with 
severe bowing of all the surviving long bones and pathological frac- 
tures of the left ulna, femur, and tibia (Cope and Dupras 201 1). 
The baby was buried on its side in contrast to the normal supine 
extended burials of other children in the cemetery. Although the 
basilar fragments of the skull were preserved, they did not show the 
malformations (for example, a triangular pars basilaris) identified in 
a forensic case from Guatemala (Lewis 2007: 107). 


Potential Perinatal Paleopathology: Trauma 


Perimortem cut marks on neonatal remains have been interpreted 
as indicating surgical removal (or an embryotomy). Only three 
cases have so far been identified; two are Romano-British examples 
from Poundbury Camp in Dorset and Yewden villa, Buckingham- 
shire. The Poundbury perinate was decapitated and has extensive 
cut marks throughout the long bones (Mays et al. 2012; Molleson 
and Cox 1988). A possible nineteenth-century embryotomy was 
identified in L’Aquila, Italy (Capasso et al. 2016), based on severe 
jumbling of the bones in a wrapped and mummified twenty-nine- 
week-old fetus. 


Birth Injuries 


Perinates who die shortly after birth are too young for us to assess any 
paralysis that may occur as the result of trauma during childbirth, but 
some fractures may be evident. In 1950s New York, 6 percent of all 
neonatal hospital admissions of newborns were for injuries sustained 
at birth (Montagu 1950), Andrew P. Dedick and John Caffey (1953) 
reported fractured clavicles in 1.2 percent of their 1,030 newborns; 
these were always unilateral and occurred more commonly on the 
left side. Caffey (1978) describes hematomas (cephalhematomas) on 
the ectocranial surface as the result of bruising during breech birth 
usually positioned away from midline sutures, a detail that may aid 
in their differentiation from meningocele. 

Ossified hematomas may persist for months or years. Skull frac- 
tures as a result of birth injury present more of a challenge because 
of the fragile and fragmentary nature of the perinatal cranium. Lin- 


ear and depressed fractures may not survive fragmentation in the 
ground, or if the child dies shortly after birth, perimortem fractures 
may be indistinguishable from postmortem breaks. Caffey (1978) 
also suggests that the maxilla is a frequent site for infection in the 
first few weeks of life because of birth trauma and may be visible as 
reactive new bone formation around the developing dental germs. 
Three published cases of possible birth injuries have been identified 
in paleopathology, involving a skull fracture in a thirty-eight-week 
perinate (Baxarias et al. 2010) and two cases of unilateral clavicular 
fractures (Brickley et al. 2006; Soren et al. 1995). 


Conclusions 


This chapter has reviewed the challenges and potential of examining 
perinatal remains from archaeological contexts in order to identify 
skeletal pathology. Although the majority of perinates likely died 
from infectious or innate conditions, identifying pathology based on 
new bone on subperiosteal and endocranial surfaces is problematic, 
as we have yet to develop criteria that allow us to distinguish patho- 
logical lesions from the normal growth process. Nevertheless, there 
has been increasing success in the identification of congenital mal- 
formations from archaeological contexts, with fifteen of the twenty- 
nine (52 percent) reported perinatal cases describing congenital dis- 
orders. While fetal remains recovered from the pelvic cavities of fe- 
male graves hint at obstetric hazards, individual perinatal burials 
have the potential to tell us much about the health of the fertile 
maternal population, as well as the environmental factors that af- 
fect the survival of newborns. A review of the clinical literature has 
allowed for the identification of skeletal features that may help us 
recognize new conditions in the perinate, including rubella, Down 
syndrome, and other chromosomal disorders, and birth trauma and 
cleft palate, but further research is needed to understand the range 
of pathology that can be identified on these tiny remains. Appreci- 
ating how far we still have to go in our analyses will help us set the 
agenda for future studies. 


Mary E. Lewis is an associate professor at the University of Read- 
ing and specializes in non-adult skeletal pathology. She is author of 
The Bioarchaeology of Children (2007) and Paleopathology of Children 
{2017}. She is an associate editor of the American Journal of Physical 


Antnropotogy and the international Journal of Paleopathology, and she is 
on the board of the International Journal of Osteoarchaeology. 


References 


Alduc-Le Bagousse, Armelle, and Joel Blondiaux. 2001. “Hyperostoses cor- 
ticales foetal et infantile a Lisieux {IVe s.): Retour 4 Costebelle.” Centre 
archaéologique du Var: 60-64. 

Al-Qattan, M.M., and H.G. Thomson. 1995, “Congenital Varicella of the 
Upper Limb: A Preventable Disaster.” Journal of Hand Surgery (British & 
European Volume) 20 (1): 115-117. 

Anderson, Bruce Edward. 1989. “Immature Human Skeletal Remains from 
Homol’ovi IIL.” KIVA 54 (3): 231-244. 

Baxarias, J., V. Fontaine, E. Garcia-Guixé, and R. Dinarés. 2010. “Perinatal 
Cranial Fracture in a Second Century BC Case from Ilturo (Cabrera de 
Mar, Barcelona, Spain).” Paper presented at the 23rd European Meeting 
of the Paleopathology Association, Vienna, Austria. 

Bekedam, Dick J., Simone Engelsbel, Ben W.J. Mol, Simone E. Buitendijk, 
and Karin M. van der Pal-de. 2002. “Male Predominance in Fetal Dis- 
tress during Labor.” American Journal of Obstetrics @ Gynecology 187 (6): 
1605-1607. 

Benacerraf, Beryl.R. 1996. “The Second-Trimester Fetus with Down Syn- 
drome: Detection Using Sonographic Features.” Ultrasound in Obstetrics & 
Gynecology 7 (2): 147-155. 

Bennett, Kenneth A. 1967. “Craniostenosis: A Review of the Etiology and 
A report of New Cases.” American Journal of Physical Anthropology 27 (1): 

~-10, 

Black, Robert E., Simon Cousens, Hope L. Johnson, Joy E. Lawn, Igor Ru- 

dan, Diego G. Bassani, Prabhat Jba, Harry Campbell, Christa Fischer 

Walker, and Richard Cibulskis. 2010. “Global, Regional, and National 

Causes of Child Mortality in 2008: A Systematic Analysis.” The Lancet 375 

(9730): 1969-1987, 

Black, Sue, and Louise Scheuer. 1997. “The Ontogenetic Development of 

the Cervical Rib.” International Journal of Osteoarchaeology 7 (1): 2-10. 

Bots, Jessica, Liliane C.D. Wijnaendts, Sofie Delen, Stefan Van Dongen, 

Kristiina Heikinheimo, and Frieston Galis. 2011. “Analysis of Cervical 

Ribs in a Series of Human Fetuses.” Journal of Anatomy 219 (3): 403-409. 

Brickley, Megan, Helena Berry, and Gaynor Western. 2006. “The People: 

Physical Anthropology.” In St. Martin's Uncovered: Investigations in the 

Churchyard of St. Martin’s-in-the-Bull-Ring, Birmingham, 2001, ed. Megan 

Brickely, Simon Buteux, Josephine Adams, and Richard Cherrington, 
90-151. Oxford: Oxbow Books. 

Brothwell, Don Reginald, and R. Powers. 2000. “The Human Biology.” In 
Cannington Cemetery, ed. Philip Rath, Sue Hirst, and Susan M. Wright, 
135-161. London: English Heritage. 


Caffey, John. 1939. “Syphilis of the Skeleton in Early Infancy.” American 
Journal of Roentgenology Radium Therapy 42 (5): 637-655. 

Caffey, John. 1978. Pediatric X-Ray Diagnosis. 7th ed. Chicago: Year Book 
Medical Publishers. 

Caffey, John, and William A. Silverman. 1945. “Infantile Cortical Hyper- 
ostosis. Preliminary Report on a New Syndrome.” American Journal of 
Roentgenology and Radium Therapy 54 (1): 1-16. 

Capasso, L., M. Sciubba, Q. Hua, V. Levchenko, J. Viciano, R. D’Anastasio, 
and F. Bretuch, 2016. “Embryotomy in the 19th Century of Central Italy.” 
International Journal of Osteoarchaeology 26 (2): 345-347 

Cooper, Louis Z., Philip R. Ziring, Albert B. Ockerse, Barbara A. Fedun, 
Brian Kiely, and Saul Krugma. 1969. “Rubella: Clinical Manifesta- 
tions and Mangement.” American Journal of Disease in Childhood 118 (1): 
18-29. 

Cope, Darcy J. 2008. “Bent Bones: The Pathological Assessment of Two Fe- 
tal Skeletons from the Dakhleh Oasis, Egypt.” MA thesis. Orlando: Uni- 
versity of Central Florida. 

Cope, Darcy J., and Tosha L. Dupras. 2011. “Osteogenesis Imperfecta in the 
Archaeological Record: An Example from the Dakhleh Oasis, Egypt.” In- 
ternational Journal of Paleopathology 1 (2-3): 188-199. 

Dedick, Andrew P., and John Caffey. 1953. “Roentgen Findings in the Skull 
and Chest in 1,030 Newborn Infants.” Radiology 61 (1): 13-20. 

de Silva, P., G. Evans-Jones, A. Wright, and R. Henderson. 2003. “Physio- 
logical Periostitis: A Potential Pitfall.” Archives of Diseases in Childhood 88 
(12): 1124-1125. 

Dorfman, David .H., and Joy H. Glaser. 1990, “Congenital Syphilis Present- 
ing in Infants after the Newborn Period.” New England Journal of Medicine 
323 (19): 1299-1302. 

Dudar, J. Christopher. 2010. “Qualitative and Quantitative Diagnosis of Le- 
thal Cranial Neural Tube Defects from the Fetal and Neonatal Human 
Skeleton, with a Case Study Involving Taphonomically Altered Remains.” 
Journal of Forensic Science 55 (4): 877-883. 

East, A.L., and J.B. Buikstra. 2001. “Is the Fetus from Elizabeth Mound 3, 
Lower Illinois River Valley an Achrondroplastic Dwarf?” American Jour- 
nal of Physical Anthropology 114 ($32): 61. 

Falys, Ceri G. 2010. “Human Bone.” In Land Adjacent to 135-7 Andover Road, 
Winchester: Post-Excavation Assessment, ed. S. Hammond and S$. Preston. 
Unpublished report. 

Furtado, Larissa, Harshwardhan Thaker, Lance K. Erickson, Brian H. Shirts, 
and Jobn M. Opitz. 2011. “Cervical Ribs Are More Prevalent in Stillborn 
Fetuses Than in Live-Born Infants and are Strongly Associated with Fetal 
Aneuploidy.” Pediatric and Developmental Pathology 14 (6): 431-437. 

Geng, Mehmet, and William J. Ledger. 2000. “Syphilis in Pregnancy.” Sexu- 
ally Transmitted Infections 76 (2): 73-79. 

Gilmour, William N. 1962. “Acute Haematogenous Osteomyelitis.” Journal 
of Bone and Joint Surgery 44-B (4): 841-853. 


Gleser, Kurt. 1949. “Double Contour, Cupping and Spurring in Roentgen- 
ograms of Long Bones in Infants.” American Journal of Roentgenology and 
Radium Therapy 61 (4): 482-492. 

Gonzalez Martin, A., EJ. Robles Rodriguez, M.C. García Martin, and M. 
Campo Martin. 1997. “Problematica IV: What Is This? A New Trait Found 
on Infant Skulls?” Journal of Palaeopathology 9 (1): 61-62. 

Griffith, John Price Crozer 1919. The Diseases of Infants and Children, London: 

W.B. Saunders Co. 

Harman, Nathaniel Bishop. 1917. Staying the Plague. London, Methuen & Co. 

Hindman, B.W., S. Bell, T. Russo, and C.W. Zuppan. 1996. “Neonatal Osteofi- 

rous Dysplasia: Report of Two Cases.” Pediatric Radiology 26 (4): 303-306. 

Hinkes, Madeleine J. 1983. “Skeletal Evidence of Stress in Subadults: Trying 

to Come of Age at Grasshopper Pueblo.” PhD dissertation. Tuscon: Uni- 

versity of Arizona. oi 

Hollier, Lisa M., and Susan M. Cox. 1998. “Syphilis.” Seminars in Perinatology 

22 (4): 323-331. 

Holt, P.G., and C.A. Jones. 2000. “The Development of the Immune System 

uring Pregnancy and Early Life.” Allergy 55 (8): 688-697. 

Hook Emest B., and Susan Harlap. 1979. “Differences in Maternal Age- 
Specific Rates of Down Syndrome between Jews of European Origin and 
of North African or Asian Origin.” Teratology 20 (2): 243-248. 

Hutchinson, Jonathan. 1857. “On the Influence of Hereditary Syphilis on 
the Teeth.” Transactions of the Odontological Society (Great Britain) 2: 95-106. 

Kausmally, Tania, and Rachel Ives. 2007. “Lytic Lesions in the Skull: Prob- 
lems of Diagnosis in Infantile Human Remains.” Poster presented at the 
7th British Association of Biological Anthropology and Osteoarchaeol- 
ogy, University of Reading, 14 September. 

Keeling, Jean W., Birgit Fischer Hansen, and Inger Kjær. 1997. “Pattern 
of Malformations in the Axial Skeleton in Human Trisomy 21 Fetuses.” 
American Journal of Medical Genetics 68 (4): 466-471. 

Keith, Arthur. 1913. “Abnormal Crania: Achondroplastic and Acroce- 
phalic.” Journal of Anatomy and Physiology 47 (2): 189-206. 

Kjær, Inger, Jean W. Keeling, and Birgit Hansen. 1997. “Pattern of Malfor- 
mations in the Axial Skeleton in Human Trisomy 13 Fetuses.” American 
Journal of Medical Genetics 70 (4): 421-426. 

Krakow, Deborah, Ralph S. Lachman, and David Rimoin. 2009, “Guidelines 
for the Prenatal Diagnosis of Fetal Dysplasias.” Genetic Medicine 11 (2): 
127-133. 

Lampl, Michelle. 2003. “Fetus to Infant in Biomedical Perspective.” Ameri- 
can Journal of Physical Anthropology 120 ($36): 135. 

Lawn, Joy E., Simon Cousens, and Jelka Zupan, for the Lancent Neona- 
tal Surival Steering Team. 2005. “4 Million Neonatal Deaths: When? 
Where? Why?” The Lancet 365 (9462): 891-900. 

Lewis, Mary E. 2004. “Endocranial Lesions in Non-Adult Skeletons: Under- 
standing Their Aetiology.” International Journal of Osteoarchaeology 14 (2): 
82-97. 


Lewis, Mary E. 2007. The Bioarchaeology of Children: Perspectives from Biological 
and Forensic Anthropology. Cambridge: Cambridge University Press. 

Lewis, Mary E., and Rebecca Gowland. 2007. “Brief and Precarious Lives: 
Infant Mortality in Contrasting Sites from Medieval and Post-medieval 
England (AD 850-1859).” American Journal of Physical Anthropology 134 
(1): 117-129. 

Lorin, Martin I., Katharine H.K. Hsu, and Susan C. Jabob. 1983. “Treat- 
ment of Tuberculosis in Children.” Pediatric Clinics of North America 30 (2): 
333-348. 

Lorrio, Alberto J. 2010. “Enterramientos infantiles en el oppidum en El 
Mólón {Camporrobles, Valencia).” Cuadernos de Arqueología de la Universi- 
dad de Navarra 18: 201-262 

Malgosa, A., M. Aluja, and A. Isidro. 1996. “Pathological Evidence in New- 
born Children from the Sixteenth Century in Huelva (Spain).” Interna- 
tional Journal of Osteoarchaeology 6 (4): 388-396. 

Mathews, Stevie L. 2008. “Diagnosing Anaencephaly in Archaeology: A 
Comparative Analysis of Nine Clinical Specimens from the Smithsonian 
Institution National Museum of Natural History, and One from the Ar- 
chaeological Site of Kellis 2 Cemetery in Dakhleh Oasis, Egypt.” MA the- 
sis. Orlando: University of Central Florida. 

Mays, S., K. Robson-Brown, S. Vincent, J. Eyers, H. King, and A. Roberts. 
2012. “An Infant Femur Bearing Cut Marks from Roman Hambleden, 
England.” International Journal of Osteoarchaeology 24 (1): 111-115. 

McMillen, Marilyn M. 1979. “Differential Mortality by Sex in Fetal and 
Neonatal Deaths.” Science 204 (4388): 89-91. 

Melsom, R., M. Harboe, and M.E. Duncan. 1982. “IgA, IgM and IgG Anti-M. 
Leprae Antibodies in Babies of Leprosy Mothers during the First 2 Years 
of Life.” Clinical © Experimental Immunology 49 (3): 532-542. 

Mendonça de Souza, Sheila M.F., Karl J. Reinhard, and Andrea Lessa. 2008. 
“Cranial Deformation as the Cause of Death for a Child from the Chil- 
lion River Valley, Peru.” Chungara, Revista de Antropologia Chilena 40 (1): 
41-53. 

Mitchell, Piers D. 2006. “Child Health in the Crusader Period Inhabitants of 
Tel Jezreel, Israel.” Levant 38 (1): 37—44. 

Molleson, Theya, and Margaret Cox. 1988. “A Neonate with Cut Bones 
from Poundbury Camp, 4th Century AD, England.” Bulletin de la Société 
royale Belge d'Anthropologie et de Préhistoire 99 : 53-59. 

Montagu, Ashley. 1950. “Constitutional and Prenatal Factors in Infant and 
Child Health.” In Symposium on the Healthy Personality: Transactions of Special 
Meetings of Conference on Infancy and Childhood June 8-9 and July 3-4, 1950, 
ed. Milton J.E. Senn, 148-175. New York: Joshua Macy Jr. Foundation. 

Montiel, Rafael, Eduvigis Solórzano, Nancy Diaz, Brenda A. Alvarez-San- 
doval, Mercedes Gonzdlez-Ruiz, Mari Pau Cañadas, Nelson Simões, et al. 
2012. “Neonate Human Remains: A Window of Opportunity to the Mo- 
lecular Study of Ancient Syphilis.” PLOS ONE 7 (5): €36371. doi:10.1371/ 
journal.pone.0036371. 


Mooney, Mark P., Michael I. Siegel, Kyle R. Kimes, John Todhunter, and 
Janine Janosky. 1992. “Multivariate Analysis of Second Trimester mid- 
facial Morphology in Normal and Cleft Lip and Palate Human Fetal Spec- 
imens,” American Journal of Physical Anthropology 88 (2): 203-209. 

Moore, Keith L. 1988. Essentials of Human Embryology. Totonto: Decker. 

Mora, S., C. Prinster, A. Bellini, G. Weber, M. Proverbio, M. Puzzovio, C. Bi- 
anchi, and G. Chiumello. 1997. “Bone Turnover in Neonates: Changes of 
Urinary Excretion Rate of Collagen Type I Cross-Linked Peptides during 
The First Days of Life and Influence of Gestational Age.” Bone 20 (6): 
563-566. 

Müller, Fabiola, Ronan O'Rahilly, and D.R. Benson. 1986. “The Early Or- 
igins of Vertebral Anomalies, as Illustrated by a ‘Butterfly Vertebra.” 
Journal of Anatomy 149: 157-169. 

Naeye, Richard L., and William Blanc. 1965. “Pathogenesis of Congenital 
Rubella.” JAMA 194 (12): 1277-1283. 

Ogden, John A. 1979, “Pediatric Osteomyelitis and Septic Arthritis: The Pa- 
thology of Neonatal Disease.” Yale Journal of Biology and Medicine 52 (5): 
423-448, 

O'Rahilly, Ronan, Fabiola Müller, and D.B. Meyer. 1980. “The Human 
Vertebral Column at the End of the Embryonic Period Proper: 1. The 
Column as a Whole.” Journal of Anatomy 131 (3): 565-575. 

O'Rahilly, Ronan, Fabiola Müller, and D.B. Meyer. 1983. “The Human 
Vertebral Column at the End of the Embryonic Period Proper: 2. The 
Occipitocervical Region,” Journal of Anatomy 136 (1): 181-195, 

Otaño, L., H. Aiello, L. Igarzabal, T. Matayoshi, and E. Gadow. 2002. “As- 
sociation between First Trimester Absence of Fetal Nasal Bone on Ultra- 
sound and Down Syndrome.” Prenatal Diagnosis 22 (10): 930-932. 

Pálfi, György, Olivier Dutour, Marc Borreani, Jean-Pierre Brun, and Jacques 
Berato, 1992, “Pre-Columbian Congenital Syphilis from the Late Antiq- 
uity in France.” International Journal of Osteoarchaeology 2 (3): 245-261. 

Rauch, F, and E. Schoenau. 2002. “Skeletal Development in Premature In- 
fants: A Review of Bone Physiology beyond Nutritional Aspects.” Ar- 
chives of Disease in Childhood, Fetal and Neonatal Edition 86 (2): 82-85. . 

Reed, George B. Jr. 1969. “Rubella Bone Lesions.” Journal of Pediatrics 74 
(2): 208-213. 

Rudolf, Arnold, Edward Singleton, Harvey S. Rosenberg, Don B. Singer, and 
C. Alan Phillips. 1965. “Osseous Manifestations of the Congenital Rubella 
Syndrome.” American Journal of Disease in Childhood 110 (4): 428-433. 

Saint-Hillaire, Geoffrey. 1826. “Note about an Egyptian Monster Found in 
the Ruins of Thebes, in Egypt, by M. Passalascqua.” Bulletin des Sciences 
Medicales 7: 105-108. 

Scheuer, Louise, and Sue Black. 2000. Developmental Juvenile Osteology. Lon- 
don: Academic Press. 

Sekeles, E., and A. Ornoy. 1975. “Osseous Manifestations of Gestational Ru- 
bella in Young Human Fetuses.” American Journal of Obstetrics Gynecology 
122 (3): 307-312. 


Shopfner, Charles E. 1966. “Periosteal Bone Growth in Normal Infants: A 
Preliminary Report.” American Journal of Roentgenology 97 (1): 154-163. 

Sjevold, T., I. Swedborg, and L. Diener. 1974. “A Pregnant Woman from the 
Middle Ages with Exostosis Multiplex.” Ossa 1: 3-23. 

Soren, David, Todd Fenton, and Walter Birkby. 1995. “The Late Roman 
Infant Cemetery Near Lugnano in Teverina, Italy: Some Implications.” 
Journal of Paleopathology 7 (1): 13-42. 

Stempfle, Noelle, Yolene Huten, Catherine Fredouille, Herve Brisse, and C. 
Nessmann. 1999. “Skeletal Abnormailites in Fetuses with Down's Syn- 
drome: A Radiographic Postmortem Study.” Pediatric Radiology 29 (9): 
682-688. 

Steyn, M., J. H. Meiring, W. Nienaber, and M. Loots. 2002. “Large Fonta- 
nelles in an Early 20th Century Rural Population from South Africa.” 
International Journal of Osteoarchaeology 12 (4): 291-296. 

Tomasto-Cagigao, Elsa. 2011. “A Holoprosencephaly (Cyclopia) Case from 
the Nasca Culture, Peru.” Poster presented at the 4th Palaeopathology 
Association Meeting in South America, Lima, Peru, 2-5 November. 

Trueta, J. 1959. “The Three Types of Haematogenous Osteomyelitis.” Jour- 
nal of Bone and Joint Surgery 41-B (4): 671-680. 

Waldron, Tony. 2009. Palaeopathology. Cambridge: Cambridge University 
Press. 

Weissberg, Eleanor D., Arnold L. Smith, and David H. Smith. 1974. “Clinical 
Features of Neonatal Osteomyelitis.” Pediatrics 53 (4): 505-510. 

Zeichner, Steven L., and Stanley A. Plotkin. 1988. “Mechanisms and Path- 
ways of Congenital Infections.” Clinics in Perinatology 15 (2): 163-188. 


